With the rapid expansion of industry, urbanization and increasing population in Thailand, many cities face the problem of municipal solid waste (MSW) disposal. The great majority of a plant for MSW, which are in operation around the world, are based on mass burn incineration systems. There are, however, a number of novel, thermal processing technologies for MSW, based on pyrolysis and/or gasification of the waste, which may provide significant technical and environmental advantages over conventional incineration.
Introduction
Presently, Thailand has been affected the problem of municipal solid waste (MSW) management. With the amount of MSW generated has grown in 2012 the quantity of waste going on around the country about 43,000 tons/day in Bangkok the volume of solid waste collected per day carrying 9,800 tons [1] . The most common methods used for MSW are landfilling, composting, recycling, and waste-to energy (WTE) [2] . Mostly the waste management is disposal by landfill but it is not a sustainable solution with the lack of space for new landfills, bad smell and it is environmental adverse effects. For these reasons, it is necessity to consider alternative MSW management strategies. MSW is a highly variable and heterogeneous multi-component material, which varies with both time and location. It is a poor quality fuel, with relatively high moisture and ash contents, and a relatively low calorific value. The characteristics and the variability of MSW have a significant impact on its behaviour as a fuel in combustion and other thermal processes. Recovering energy from MSW is feasible by means of a number of energy generation processes such as Incineration, pyrolysis and gasification [3] . Incineration has considered being a useful technology for MSW treatment since it can reduce the weight and volume of MSW and can also get energy recovery from MSW. However, this technology has still not been accepted because of the emissions, from MSW incineration [4] [5] . This paper addresses the opportunity afforded by the use of pyrolysis/gasification processes for energy recovery from MSW. Technical descriptions of pyrolysis/gasification process are provided under the following subject areas the process flow diagram, and the mass and energy balances for the process. The designed process is based on low temperature pyrolysis of the MSW incorporating the recovery of ferrous and non-ferrous metals and the production of solid residues, coupled with high temperature gasification process of char in solid residues, generating a clean fuel gas. Then the product gas is burnt in a downstream furnace to generate steam which will be used to produce electricity.
Aspen Plus Simulation Model
To develop the models of MSW Pyrolysis/Gasification Processes for Power Production, the commercial software called Aspen Plus® had been used in this article. The steady state unit operation models related to the processes were connected with appropriated input stream tables and operating conditions. MSW is specified as a non-conventional component in Aspen Plus® and defined in simulation model by using the ultimate and proximate analysis (see Table 1 ). The whole process is divided into 5 major parts which are pre-treatment unit, thermal waste treatment unit, heat recovery unit, power generation unit, and gas cleaning unit. The block flow diagrams are shown in Fig.1 and Aspen Plus® process flowsheet are shown in Fig.2 . Waste reception and pre-treatment unit:
Dryer Simulation of the process to reduce the moisture content of MSW by using Aspen Plus®. MSW with high moisture content needs to be passed into a drying process before going into the processes of pyrolysis/gasification in order to obtain the optimum plant efficiency. The drying unit applied in this study was modelled as an indirect heat exchanged system exploiting the steam extracted from the steam turbine. This step is represented in the overall Aspen Plus scheme by the stoichiometric reactor RSTOIC for pre-drying of the MSW. This particular module is used to perform chemical reactions of known stoichiometry [6, 7] . The moisture content of the MSW after dryer has been varied from 50 to 10% to investigate its effect on the performance of the power plant efficiency. With this specification, the dried MSW is ready to be fed into the pyrolysis process.
Thermal Waste Treatment Unit:
Pyrolysis Chamber Waste from the drying process is then brought into a pyrolysis process. This is the process of decomposition of organic compounds or other materials at 500-600 o C in the absence of oxygen. The pyrolysis process was modelled as an indirect heated system by using high temperature flue gas obtaining from the combustion chamber. After the recovery of energy from flue gas by preheating combustion air, the fuel gas from a pyrolysis process is then brought into the Advanced Materials Research Vols. 807-809 1271 combustion process. The solid residue left in the system was brought into gasification processes to produce combustible gas. The Aspen Plus ® yield reactor RYIELD was used to simulate the decomposition of the feed. In this step, MSW were converted into their constituting components including Carbon (C), hydrogen (H), oxygen (O), nitrogen(N), sulfur (S), chlorine (Cl) and ash by specifying the yield distribution according to the ultimate analysis of MSW. The yield distribution for this stage has been specified by using a FORTRAN statement in calculator block [8, 9] . The RGibbs model is used to simulate pyrolysis of MSW. RGibbs models chemical equilibrium by minimizing Gibbs free energy.
Carbon recovery unit (CRU) or Gasifier
The solid residue from the pyrolysis chamber contains an appreciable amount of carbon which is gasified inside the CRU. The gas is burnt in the central burning chamber in order to recover the contained energy. In this continuous operated kiln the carbon is gasified in contact with steam. The operating temperature is above 900 °C. The resulting gas contains carbon monoxide and hydrogen. To support the process, air is added at certain areas of the reactor to control the temperature. The energy for the conversion is generated by oxidising a part of the process gas and no additional energy is needed. The RGibbs model is used to simulate gasification of biomass. The Aspen Plus ® RGibbs reactors were used for simulate gasification of solid residue.
Combustion chamber
The burning fuel gas from the pyrolysis and gasification processes will be burned as fuel in a combustion chamber at a temperature of not less than 850°C. Combustion air were heated up to 115°C by heating flue gas, flue gas recirculation was determined to obtain a combustion temperature of 1200°C to reduce the forming of NO x . The Aspen Plus ® RGibbs reactors were used for simulate combustion of fuel gas. Equilibrium calculation was performed by free energy minimization. Heating flue gas from the process will be used to provide energy to the pyrolysis process before transferred to the Heat Recovery Unit.
Heat recovery and power generation
The flue gas from the combustion chamber is fed into the waste heat boiler which converts the heat energy at 1200ºC into steam at 450ºC/60 bar for feeding to the steam turbine generator set.
The flue gas from the combustion chamber was divided into two parts. First, flue gas will be used to provide heat for the pyrolysis process. Second, flue gas is fed into the waste heat boiler which converts the heat energy at 1200ºC into steam at 450ºC/60 bar for feeding to the steam turbine generator set. The steam was used to reduce the moisture content of MSW and feed into gasifier . Steam supply system consists of a series put together economizer, High pressure (HP) steam drum, Evaporator section and HP Steam superheater section for cooling system is closed with recirculated. To exchange heat with the steam condenser. By supercritical steam out of the boiler to the steam turbine to produce electricity.
The condensate system collects and condenses the exhaust from the steam turbine or the desuperheated turbine bypass steam. The condensate system collects condensate from the air-cooled condenser in the condensate receiver drum and uses condensate extraction pumps to deliver the condensate to the atmospheric-pressure deaerator. Condensate system make-up is supplied to the condensate receiver drum from the demineralised water storage tank.
The deaerator and the boiler feed water system are used to remove dissolved gases, such as oxygen and carbon dioxide, from the condensate and to supply feed water to the waste heat boiler. The feed to the deaerator, supplied by the condensate extraction pumps, is chemically dosed by an oxygen scavenger, such as hydrazine, in order to minimise corrosion in the system. A continuous supply of letdown steam from the high-pressure steam header is fed to the deaerator and serves to raise the temperature of the condensate and reduce the saturation point of oxygen. An intermittent blowdown line from the deaerator is used to control the quantity dissolved solids in the system. Boiler feed water pumps deliver condensate from the deaerator to the waste heat boiler at the required pressure.
Environmental Protection and Resources Exploitation

Gas Cleaning Unit
Downstream from the boiler, the flue gas is cleaned by a dry system. A controlled quantity of solid sodium hydroxide/sodium bicarbonate is injected with a flow of air into the flue gas before the subsequent bag house filter. The chemically hazardous substances get absorbed to the solids. In order to remove most of the contained mercury in the flue gases an amount of activated carbon is added to the chemicals In the bag filter the solid particles are separated on the fabric surface. The dust forms a layer, which is removed by the injection of compressed air. The cleaned flue gas is extracted by the induced draught fan and emitted by passing to a flue stack.
Auxiliary Equipments
These include: Water Treatment System, Compressed Air System, Electrical System, Process Measuring and Control Equipment, Induced Draught Fan, Chimney, etc Fig.3 shows the results of the shows the effect of MSW moisture content. The simulations focusing on effects of moisture content and excess air are presented and discussed. The pyrolysis reactor has a capacity of 28 tonnes per hour of pre-treated MSW with moisture content of 50% by comparing the amount of 15% and 30% excess air. The graph shows that at lower moisture content which led higher energy content and more excess air required. Decreasing moisture content strongly the power output was increasing. The efficiencies of system were increased, because the amount of MSW feed rate was increase the pyrolysis process needed more heating flue gas obtaining from the combustion chamber cause decrease amount of heating flue gas is fed into the waste heat boiler which converts the heat energy was decrease. 4 shows the results of the effect of MSW moisture content and the temperature of the pyrolysis process. The graph shows that the temperature of the pyrolysis and 500 o C to the higher power output. Which the hight temperature of the pyrolysis process, pyrolysis process needed more heating flue gas obtaining from the combustion chamber cause decrease amount of heating flue gas is fed into the waste heat boiler which converts the heat energy was decrease.
Results and discussions
Conclusion
A simulation study was conducted on the MSW pyrolysis/gasification power plant system by using Aspen Plus ® program was approve technology. For this result was found at constant MSW feed rate of 28 tonnes/hr, 10% moisture content, 500 o C pyrolysis process and excess air 15% could be produce power production at 26.20 MW. It is expected to play a role in meeting Thailand's demands for MSW disposal and alternative energy. 
